The reduction of nitrate by molecular hydrogen was observed first in Bacterium formicum by Stephenson and Stickland (1931) . In this system, the product of the reduction was nitrite, and the theoretical hydrogen uptake occurred only when the endogenous respiration of the cell was suppressed by prior treatment of the cells with toluene (Stickland, 1931) . Woods (1938) found that Clostridium perfringens (Clostridium welchii) and certain strains of Escherichia coli reduce nitrate to ammonia with the utilization of four moles of molecular hydrogen. Nitrite and hydroxylamine were shown to be intermediates in this reduction. Lascelles and Stir (1946b) reported that Escherichia coli reduces nitrate to ammonia only in the presence of benzyl viologen as a carrier. In the absence of a carrier, the reduction did not proceed beyond the nitrite stage. This and the action of some inhibitors suggested that different enzymes are responsible for the reduction of nitrate on the one hand and nitrite and hydroxylamine on the other. Cell-free extracts have been obtained which were capable of carrying out these reductions (Back et al., 1946) . The reduction of nitrate by molecular hydrogen has been observed also in azotobacter (Phelps and Wilson, 1941) , Aerobacter aerogenes (Lascelles and Still, 1944) 'On leave (1953) (1954) phoreus , and the purple bacteria (Nakamura, 1938 .
This report deals with the reduction of nitrate by molecular hydrogen by both whole celLs and cell-free extracts of Proteus vulgaris.
EXPERIMENTAL METHODS
The bacteria were grown at 37 C for twelve hours in a broth of the following composition: NaXHPO4, 7.93 g; KH2PO4, 1.47 g; glucose, 5.0 g; nutrient broth (Difco), 10.0 g; NaCl, 5.0 g; casamino acids (Difco), 5.0 g; FeSO4.7H20, 0.005 g; and H20, 1 liter. The bacteria were harvested by centrifugation, washed with distilled water, and suspended in distilled water.
Cell-free extracts were prepared by sonic vibration of the bacterial suspension in a nine kilocycle Raytheon oscillator for twenty minutes and removal of the cell debris by centrifugation at 13,600 X G.
The experiments reported here were carried out by placing 0.2 ml of a 5 per cent sodium nitrate solution, 0.2 to 0.4 ml of the bacterial suspension containing 10.6 mg N per ml, or 2.0 to 4.0 ml of the cell-free extract containing 3.71 mg N per ml into a 1.7 by 15.0 cm test tube. (Wider tubes gave poor results.) The volume was made up to 10 ml with 0.15 M phosphate buffer, pH 6.7. Hydrogen gas was bubbled through the solution at room temperature, and 0.1 ml samples were removed at intervals for determination of the nitrite concentration. This was done by adding 1.0 ml of a-naphthylamine (0.03 per cent solution in 30 per cent acetic acid) and 1.0 ml of sulfanilic acid (1 per cent solution in 30 per cent acetic acid) (Feigl, 1946) to the 0.1 ml sample, making up to 10 ml, and reading the intensity of the red color produced in a Klett-Summerson colorimeter (green filter). One scale division corresponded to 3.1 x 10-2 ,g of nitrite.
Hydrogen uptake was measured in a con- ventional manner in a Warburg apparatus. Deuterium exchange experiments were caxried out as described by Hoberman and Rittenberg (1943) with 10 per cent D20 in the liquid phase and normal hydrogen as the gas phase.
RESULTS

Redudion of nitrate by moecular hydrogen.
A typical experiment on the reduction of nitrate to nitrite by molecular hydrogen in suspensions of Proteu vulgaris is shown in figure 1A . The No reduction of nitrate took place when nitrogen was used in place of hydrogen. When the hydrogen uptake was measured, it was found that the reduction of a mole of nitrate was accompanied by the uptake of 0.9 i 0.1 mole of hydrogen. The reduction of nitrate takes place with cell-free extracts as is shown in figure 1B .
Nitrite was not reduced further by this system even in the presence of benzyl viologen.
Both nitrate and nitrite at a concentration of 103 M inhibited the deuterium exchange twentyseven per cent as is shown in table 1. Lascelles and Stir (1946a) and Joklik (1950) figure 2 . The optimum pH is the same as that found for the deuterium exchange (Hoberman and Rittenberg, 1943) . The activity remained the same in acetate, phosphate, and tris buffers.
The system is relatively insensitive to change of hydrogen ion; a variation of 1,000-fold, from pH 5.5 to 8.5, changes the rate of the reaction at most by but thirty per cent. It would seem that the catalytically active site of the enzyme as well as the substrate is not greatly affected by the variation of the hydrogen ion concentration.
Nature of lag phase. Inspection of figure 1A reveals that before the reduction of nitrate begins, there is a short lag phase. This same behavior has been observed during deuterium exchange.4
If the solution first is saturated with oxygen, the lag phase is increased, while it is decreased if hydrogen is passed through the solution before the bacteria are added ( figure 3A and B) . Helium and nitrogen have very little effect.
These results suggest that the oxygen in solution is responsible for the lag phase. Apparently, the oxygen must be reduced before the nitrate can be reduced. After all the oxygen is removed, the reduction of the nitrate begins. This is consistent with the finding of Stickland (1931) that in E. coli oxygen is reduced ten times faster than nitrate. This oxygen effect is distinct from the inhibition of the deuterium exchange by prolonged treatment with oxygen (Hoberman and Rittenberg, 1943 nitrite by a mole of molecular hydrogen. An induction period eists which is dependent on the oxygen content of the system. Apparently, no nitrate can be reduced until all the oxygen is removed.
